growth rates and low crack closure levels compared to typical ingot metallurgy aluminum alloys were observed. It was proposed that minimal crack roughness, crack path deflection, and limited slip reversibility, resulting from the ultra-fine microstructure, were responsible for the relatively poor da/dN-AK performance of AA 8009 as compared to that of typical IM aluminum alloys.
Nomenclatu re
a,,_.-overload affected crack length. B-specimen thickness (mm).
da/dN -crack growth rate on a per cycle basis.
E -Young's Modulus (GPa).
ey-elongation to failure/specimen gage length. Klc -critical plane strain stress intensity factor.
K,,,_ -maximum stress intensity factor.
Kot-overload stress intensity factor.
Kop -crack opening stress intensity factor. ND -post-overload delay cycles.
Pop -crack opening load. R -stress ratio, minimum/maximum. MPav/m, the rates do not exhibit the rapid reduction at low AK which typifies the behavior of most ingot metallurgy alloys at low AK. In figures 7a and 7b, the differences between the appearance of overloads on the surfaces of 8009 and 2618-T651 fatigue specimens are illustrated. Alloy 2618 exhibits a highly branched and tortuous crack path, and in some cases extensive crack bifurcation occurs on overloading.
In alloy 8009, the only obvious effect of the overload is curving of the crack path which results from a change in the size of the shear lip. As the crack grows through the overload zone (at a rate lower than the steady state, baseline rate), the size of the shear lip is decreased and the crack front tends to flatten out. As the crack reaches the end of the overload affected region, and re-establishes its baseline crack growth rate, the shear lip regains its steady state size. In order for the cyclic plastic zone to be completely within one grain of 8009, zXK must be well below 1.6 MPav/m or less than the threshold AK of most IM aluminum alloys [29] .
The fine grain microstructure of 8009 may affect its low AK crack growth behavior relative to large grain IM alloys in a number of ways. As described above, low AK fracture mode changes in IM alloys are believed to be a result of a cyclic plastic zone sizes below some critical microstructural length. Below this critical plastic zone size, deformation via slip on a single crystallographic slip system, i.e. single slip, may occur, resulting in crystallographic crack advance and mode two crack tip displacements. One can envision differences in this process in large and small grain materials. Consider for example equal mode II displacements imposed on crack tips in a large and a small grain material. At low AK it will be assumed that all of the displacementoccurs within a single grain (otherwisethe conditions for the fracture modetransition will not be met). Assumingthis, onecancalculatea strain, which may be approximatedby the modeII displacement divided by thegrain size. Obviously, in a small grain material, this strain will be larger than in a large grain material. 
